II. Principal of Water-Diesel Emulsive Fuel
When diesel and water mixed directly, diesel comes at top and water settles at bottom because diesel is lighter than the water. Prof. B Hopkinson introduced the water in diesel emulsion in diesel engine for improvement of the thermal efficiency and minimizes the exhaust emissions of engines. [7] Emulsion fuel is mixture of two completely immiscible liquids which are not blend completely. In emulsion one substance is completely distributed throughout the other substance [8] . By taking proper surfactants (emulsifiers) we can bind these two together. Surfactant is the compound that lowers the tension between the two liquids which are immiscible. It bound them together to prepare a proper stable emulsion. Surfactants are used to make kinetically stable W/D emulsion fuel. It depresses the tension between water and diesel molecules. Interface surface tension among two liquids, solids, and gases absorbed by the surfactants. [9] In water diesel emulsion, water mixes homogeneously with the diesel on volume basis. A surfactant is used to make stable emulsion. This W/D emulsion doesn't require any change in engine so it is very convenient fuel to use. Emulsions are basically classified into two types. One is water in oil emulsion and other is oil in water emulsion (Fig. 1) . Water in diesel emulsion comes under the water in oil emulsion type. [8] For making proper stable emulsion, main task was to select proper surfactant or mixture of surfactants. Water in diesel emulsion comes under the water in oil emulsion. So the surfactant should have HLB value in range of 7-12. Making of emulsion was trial and error method. Check the stability of emulsion after that.
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Fig. 2: Mixing of water and diesel
Measured volume of diesel poured into bottle with the help of injection as shown in Fig. 2 (A) . Then measured quantity of water added to the bottle as shown in Fig. 2 (B) . But due to density difference between diesel and water, diesel come upward side and water goes to downward side in bottle. Diesel has lower density than the water. They both are immiscible liquids. Now for making proper stable emulsion using water and diesel, span 20 was added with measured volume as shown in Fig. 3 (A) . Then bottle was stirred properly for around 5 to 10 minutes. Then emulsion obtained using span 20 as surfactant (Bottle A) was checked for stability. Fig. 3 (B) Same process was repeated for making emulsion with tween 20 as surfactant. Emulsion obtained using tween 20 as surfactant (Bottle B) was also checked for stability as shown in Fig. 4 . There was separation of water and diesel. So those emulsions can't be used as fuel in engine. Now emulsion was made using mixture of surfactants. 1% span 20 and 1% tween 80 were used to make water -diesel emulsive fuel. Using this mixture of surfactants two different emulsions were made with 5% water content and 10% water content. ED5 has 5% water content and ED10 has 10% water content. 
Investigation of C.I Engine Emission using Emulsified Diesel Fuel
III. Experimental Setup
Various parameters were listed below for doing experiment on research diesel engine. Load was varied in range of 1-13 kg. 
Fig. 6: Schematic diagram of experimental setup
In Fig. 6 schematic diagram of experimental setup is shown. It includes single cylinder, four stroke, multi-fuel, research engine connected to eddy current type dynamometer for loading. The operation mode of the engine can be changed from diesel to petrol or from petrol to diesel with some necessary changes. In both modes the compression ratio can be varied without stopping the engine and without altering the combustion chamber geometry by specially designed tilting cylinder block arrangement. Instruments are provided to interface airflow, fuel flow, temperatures and load measurements. Exhaust gas analyzer is shown in Fig. 7 . Exhaust gas analyzer is used to measure the level of pollutants in the exhaust of the car. Exhaust gas analyzer is also used to tune an engine for optimum mileage. Exhaust gas analyzer is also applicable to measure the function of catalytic converters. Exhaust gas analyzer is used in various governments authorized test centers. Exhaust gas analyzer specifications are shown in Table 6 . In this experiment, diesel engine was used and connected with the eddy current dynamometer with the help of dynamometer. Load was varied on the engine. Exhaust gas analyzer was used to find the emission characteristic of exhaust gas. The readings were taken by varying the load on the engine using the dynamometer. Engine performance such as break power, indicated power, break specific fuel consumption, fuel consumption etc. found from the experiments. First pure diesel fuel was used and emission characteristics and engine performance was taken. Then the water-Diesel emulsive fuel with 5% water content (ED5) and 10% water concentration (ED10) were used to find the emission characteristics and engine performance of the engine.
IV.
Observation Table   Table 7 : Observation 
V. Result And Discussion
Carbon monoxide (CO)
Graph shows the variation of Carbon Monoxide (CO) with various loads. The main reason of generation of CO emission is incomplete combustion and it is generally due to insufficient availability of oxygen. From above graph it is clear that the ED10 has highest percentage of CO emissions. At low load ED5 and diesel has equal emissions of CO. ED5 has very low production of CO than the ED10. So we can say that as percentage of water increase in W/D emulsion the production of CO increases. Due to low combustion temperature there may be incomplete combustion.
Nitrogen Oxides (NO x )
High temperatures above 1,600°C in the cylinders cause the nitrogen to react with oxygen and generate NOx emissions. So, it will not be wrong to say that the major influences of the formation of NOx are the temperature and concentration of oxygen in the combustion. The amount of production of NOx is a function of the maximum temperature in the cylinder, oxygen concentrations, and residence time.
From above graph it is clear that at very low load the diesel has lowest level of NO x emissions and ED5 has highest level of NO x emissions. As load increases the production of NO x increases for all three fuels. But as load increase the increase of production of NO x in ED10 is low comparatively. So at high load the ED10 has lowest production of NO x and Diesel has highest level of NO x emissions. So from this it is clear that as the percentage of water in water -diesel emulsive fuel increase the emissions of NO x reduce.
It has been observed that use of water-diesel emulsion as fuel greatly reduces the NOx emissions compared to diesel. This happens because when water along with diesel enters into the combustion cylinder, it directly vaporized into steam due to presence of high temperature and pressure inside the cylinder. This takes some of the heat from the combustion chamber and brings down the cylinder temperature. As a result the conversion of diatomic hydrogen to more reactive monoatomic nitrogen decreases thereby reducing the chances of formation of NOx. Figure 10 shows the variation of Carbon dioxide (CO 2 ) with Load. The generation of CO 2 emission is incomplete combustion and it is generally due to insufficient availability of oxygen. The graph shows that the CO 2 emission. From this graph it is clear that at very low load the pure diesel has low production of CO 2 than ED5 and ED10. As load increases the production of CO 2 increases for all three fuels as in graph. But at high load the ED5 has lowest production of And ED10 has highest emissions of CO 2. 
Hydrocarbon (HC)
Hydrocarbon emissions are composed of unburned fuels as a result of insufficient temperature which occurs near the cylinder wall. Hydrocarbons consist of thousands of species, such as alkanes, alkenes, and aromatics. Exhaust gases leaving the combustion chamber of a CI engine contains up to 100 ppm of hydrocarbon. These consist of small non equilibrium which is formed when large fuel molecules break up during the combustion reaction. It is often convenient to treat these molecules as if they contained carbon atom.
From above graph it is clear that the diesel fuel produce high amount of HC a low loads than the ED5 and ED10. ED10 has very low production of HC as shown in graph for low loads but as load increase the production of HC increase in ED10 fuel and for diesel it decreases. By averaging, it is clear that ED5 has low production of HC emission at low load. 
VI. Conclusion
When there was 10% water in diesel (ED10) the production of NO X was lowest because of reduction in combustion temperature. But production of HC, CO, and CO 2 were higher than the pure diesel as the combustion become incomplete due to low flame temperature. When there was 5% water in diesel (ED5) the production of NO X , CO 2 , and HC were lower than the diesel but emission of CO was higher than diesel. So for reducing overall emissions from exhaust of engine ED5 fuel should be chosen as replacement fuel for diesel.
By making emulsions with different water content and using different surfactants, optimization value can be obtained and compared with pure diesel. By making nano emulsion using mechanical agitation and ultrasonic method, stability of emulsion can be improved. Nano emulsion also improves the performance characteristics and emissions characteristics. As the percentage of water in emulsive fuel increases, the production of NO X reduces.
